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(57)Abstract 

PROBLEM TO BE SOLVED: To easily measure imaging characteristics of 
a projection optical system with high accuracy. 

SOLUTION: This apparatus for measuring imaging characteristics of a 
projection optical system 6, which forms the image of a mask pattern with 
an illumination light irradiated on a mask 4 from a light source 1 through 
an illumination optical system 3, has a means for measuring the light 
intensity of the image formed by the projection optical system 
corresponding to a plurality of fine openings 11 of the mask 4. 
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CLAIMS 



[Claim(s)] 

[Claim 1] While irradiating the lighting light from the light source through lighting optical system at a mask In the 
measuring device of the image formation property of the optical system which carries out image formation of the 
image of the pattern of the aforementioned mask by the projection optical system on the aforementioned mask The 
measuring device of the image formation property characterized by having an optical on-the-strength measurement 
means to measure the optical intensity of the image in which two or more minute openings are prepared, and 
corresponds to opening of the aforementioned fine smallness, and image formation is carried out by the 
aforementioned projection optical system. 

[Claim 2] the aforementioned image by which image formation is carried out ~ setting - the above - a direct lighting 
light which passes minute opening, and the above — the measuring device of the image-formation property according 
to claim 1 characterized by to compute the numerical aperture and the coherence factor of the aforementioned 
projection optical system as the aforementioned image formation property corresponding to opening of each **** 
based on each optical intensity distribution which resembled the diffracted light which occurs in minute opening and 
passes the aforementioned projection optical system, and corresponded 

[Claim 3] The aforementioned optical on-the-strength measurement means is the measuring device of the image 
formation property according to claim 1 or 2 characterized by being a measurement means to change light into an 
electrical signal. 

[Claim 4] It is [ the claim 1 characterized by having the move mechanism which made the arbitrary positions of the 
image formation side by the aforementioned projection optical system movable / an image formation object / so that it 
might become measurable by the aforementioned optical on-the-strength measurement means, or ] the measuring 
device of an image formation property given in any 1 term among 3. 

[Claim 5] The aligner characterized by providing the following. It is [ the aforementioned claim 1 or ] the measuring 
device of an image formation property given in any 1 term among 4. The drawing mechanism in which the image 
formation property of the aforementioned projection optical system is changed by transforming drawing into a **** 
configuration or the method configuration of non-**, and attaining to it, or carrying out enlarging or contracting of the 
drawing, a ****** means to control the aforementioned drawing mechanism and to adjust the image formation 
property of the aforementioned projection optical system so that the image formation property acquired by the 
measuring device of the aforementioned image formation property may become a predetermined range, or so that it 
may become the optimal image formation property among image formation property change of a limited time. 
[Claim 6] While irradiating the lighting light from the light source through lighting optical system at a mask In the 
measuring method of the image formation property of the optical system which carries out image formation of the 
image of the pattern of the aforementioned mask by the projection optical system on the aforementioned mask The 
measuring method of the image formation property characterized by measuring the image formation property of the 
aforementioned optical system by measuring the optical intensity of the image in which two or more minute openings 
are prepared, and corresponds to this minute opening, and image formation is carried out by the aforementioned 
projection optical system. 

[Claim 7] the aforementioned image by which image formation is carried out « setting — the above ~ a direct lighting 
light which passes minute opening, and the above - the measuring method of the image- formation property according 
to claim 6 characterized by to compute the numerical aperture and the coherence factor of the aforementioned 
projection optical system as the aforementioned image formation property corresponding to opening of each **** 
based on each optical intensity distribution which resembled the diffracted light which occurs in minute opening and 
passes the aforementioned projection optical system, and corresponded 

[Claim 8] The measuring method of the image formation property according to claim 6 or 7 characterized by 
http://ww4.ipdl.jpo.go.jp/cgi-bm/tran_web_cgi_ejje?u=http%3A%2F%2Fw 6/17/2003 
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measuring the aforementioned optical^bnsity by means to change light into alj^ectrieal signal. 
[Claim 9] The optical intensity of the aforementioned image is [ the claim 6 characterized by supposing that it is 
measurable about the arbitrary positions of the image formation side by the aforementioned projection optical system, 
or ] the measuring method of an image formation property given in any 1 term among 8. 

[Claim 10] The image formation property adjustment method of an aligner characterized by providing the following. 
The property change step which changes the image formation property of the aforementioned projection optical system 
when there is no aforementioned image formation property acquired the aforementioned claim 6 or among 9 by the 
measuring method of an image formation property given in any 1 term in the predetermined range. The property 
measurement step which measures the new image formation property of the projection optical system after this change 
the aforementioned claim 6 or among 9 with the measuring method of an image formation property given in any 1 
term. It is the property adjustment step which repeats the aforementioned property change step and the aforementioned 
property measurement step, and adjusts the image formation property of the aforementioned projection optical system 
to the state where the aforementioned image formation property finally serves as a predetermined range, or the state of 
becoming the optimal image formation property in limited ****** about this repeat. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the measuring device, aligner, and method of 
the image formation property suitable for image formation property measurement of the aligner used for manufacture 
of the measuring device of an image formation property, an aligner and a method, especially a semiconductor device, 
etc. 
[0002] 

[Description of the Prior Art] In manufacture of a semiconductor device or a liquid crystal display board, aligners, such 
as a stepper used for a lithography process etc., are indispensable. In an aligner, Koehler illumination is performed 
from an illumination system to masks, such as a reticle, the light which penetrated this reticle passes a projection 
optical system further, and a reticle image is exposed by the wafer side. 

[0003] In this aligner, since it is necessary to carry out projection exposure of the reticle image etc. with high precision 
to the minute field on a wafer, it is very important to investigate what image formation property the projection optical 
system has. 

[0004] Conventionally, such measurement lays on a stage the measurement board which applied a photosensitive 
material, and is performed by investigating the diameter of the sensitization portion of the circle configuration which 
changes the stage height position and is acquired. 

[0005] As an image formation property, numerical aperture (NA) of a projection optical system and measurement of a 
coherence factor (sigma) are performed. In this kind of projection system, image formation is carried out in a size by 
which the image of a secondary surface of light source is included in the effective diameter of a pupil The numerical 
aperture (NA) of a projection optical system means the numerical aperture to the pupil of a projection optical system 
from the body side on the wafer laid in a stage here, and it is given by NA=n-sintheta (it is the angle (maximum 
****theta) which is here and stretches [ as opposed to / the radius of a pupil / in n ] theta as opposed to the refractive 
index of a medium). 

[0006] On the other hand, the coherence factor sigma is the ratio of the diameter (Si) of the image of the secondary 
surface of light source formed on the pupil of a projection optical system in the state where there is no recreation chill 
R, and the effective diameter (Sp) of the pupil concerned (Si/Sp), i.e., the ratio of the numerical aperture of an 
illumination system, and the numerical aperture of the above-mentioned projection optical system to a reticle. 
[0007] The coherence factor sigma is treated as one factor of lighting conditions, a sigma value — as long as — a thing 
when [ be / nothing ] close to zero is called coherence lighting, and the time of a sigma value being 1 is called 
incoherent lighting, and it calls that it is coherent partially at the time of a value in the meantime In order to set up this 
sigma value, the method of changing the opening size of illumination-system drawing in drawing is simplest method. 
[0008] Now, in order to measure numerical aperture NA and the coherence factor sigma using the measurement board 
which applied a photosensitive material, the light which diffused the diffusion board to the above-mentioned diffusion 
board also in the position of a reticle at the whole effective system of the pupil of a projection optical system reaches 
first, and the irradiation light corresponding to the pupil concerned reaches the above-mentioned measurement board. 
Therefore, if the height position of a wafer is changed and a sensitization partial radius is investigated, above- 
mentioned **** theta can be found and NA can be computed. 

[0009] The light which the image corresponding to the pupil of an illumination system will be obtained [ in / a reticle 
position / for a diffusion board ] on the pupil of a projection optical system, and reaches on the above-mentioned 
measurement board with this image on the other hand corresponds to the pupil of an illumination system. Therefore, 
the numerical aperture NA of an illumination system can be measured like the case of the numerical aperture NA of a 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



6/17/2003 



*. \ , Page 2 of 8 

projection optical system, and the cohftice factor sigma can be found. 
[0010] 

[Problem(s) to be Solved by the Invention] However, there are the following troubles by the above-mentioned 
conventional image formation property measuring method. First, this is complicated work although it is necessary to 
do the sensitization work to a measurement board in order to measure numerical aperture NA of a projection optical 
system. Furthermore, since it is necessary to ask measurement of the coherence factor sigma for the numerical aperture 
of an illumination system, the still more nearly same sensitization work is needed for it. Thus, it is in charge of 
measuring a series of image formation properties, and moreover, exchange of a measurement board, insertion and 
detachment of a diffusion board, etc. are required for at least two sensitization in each work in the need, and 
measurement of the sensitization portion after measurement still needs it of the conventional method. Moreover, when 
a photosensitive material is used, in order for the incident-light strength to the photosensitivity of material to need to be 
adjusted etc. and to perform this, it must be made to have to expose repeatedly and trial and error must be repeated. 
[001 1] Thus, by the conventional method, measuring the image formation property of the projection optical system 
corresponding to one on a reticle also needed to repeat complicated work. Moreover, the distribution of the image 
formation property in [ which can be exposed ] a field corresponding to an exposure field also needs to be taken into 
consideration with the further detailed-izing of a device in recent years. Specifically, the numerical aperture NA of 
exposure optical system and the coherence factor sigma may change at the arbitrary points in an exposure field with 
influences of the aberration of optical system. It is impossible to disregard the problem that the device pattern size 
exposed changes with positions in an exposure field, at this time. Therefore, you have to investigate the image 
formation property corresponding to each position of not only the image formation property corresponding to one point 
of the field by the projection optical system which can be exposed but the field which can be exposed. 
[0012] However, it is next to impossible on the investigating [ measuring the image formation property of one point 
must also do very complicated work so that it may mention above, and / with high precision and efficiently ]-by 
conventional method,-the distribution of image formation property of two or more points fact. 
[0013] this invention was made in consideration of such the actual condition, and the 1st purpose is in offering the 
measuring device and method of an image formation property which made it possible to measure the image formation 
property of a projection optical system simply and with high precision. 

[0014] The 2nd purpose is to offer the measuring device and method of an image formation property which made it 
possible to measure simply and highly precise still more efficiently the distribution of the image formation property of 
the projection optical system of two or more points of the field which can be exposed. 

[0015] The 3rd purpose will offer automatic the optimal or aligner which made it possible to adjust so that it may 
become a desired value, and its image formation property adjustment method for an image formation property. 
[0016] 

[Means for Solving the Problem] If the main point of this invention creates and illuminates a pinhole on a mask side, a 
mask position or a wafer side position is shifted in the direction of an optical axis from the position of the mask wafer 
side which has an image formation relation and a pinhole image is observed Since it becomes the distribution by which 
the optical intensity distribution of a pinhole image were divided into two stages by diffraction of the lighting light in a 
pinhole It is in the ability to make numerical aperture (NA), a coherence factor (sigma), etc. of a projection optical 
system of an aligner with high precision and quantitive by measuring the size of the diameter direction of each 
distribution. 

[0017] Moreover, more specifically, solution of the above-mentioned technical problem is realized by the following 
solution meanses. First, while invention corresponding to a claim 1 irradiates the lighting light from the light source 
through lighting optical system at a mask In the measuring device of the image formation property of the optical 
system which carries out image formation of the image of the pattern of a mask by the projection optical system on a 
mask It is the measuring device of the image formation property equipped with an optical on-the-strength measurement 
means to measure the optical intensity of the image in which two or more minute openings are prepared, and 
corresponds to minute opening, and image formation is carried out by the projection optical system. 
[0018] In this invention, since such a means was established, although it considers as efficient measurement from the 
ability of each image formation property corresponding to two or more openings for the distribution of the image 
formation property of the optical system of two or more points of the field which can be exposed to be measured 
simply and with high precision, and measure at once by measurement once, it can do. 

[0019] Furthermore, invention corresponding to a claim 2 is set to invention corresponding to a claim 1. The diffracted 
light which occurs in minute opening with a direct lighting light which passes minute opening in the image by which 
image formation is carried out, and passes a projection optical system, It is the measuring device of the image 
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formation property which is alike anc^^nputes the numerical aperture and the^ftierence factor of a projection optical 
system as an image formation property corresponding to opening of each **** based on each optical corresponding 
intensity distribution. 

[0020] In this invention, since such a means was established, the numerical aperture and the coherence factor of a 
projection optical system can be obtained as an image formation property. Moreover, both NA and sigma can be once 
measured by measurement, and it can consider as efficient measurement. 

[0021] Invention corresponding to a claim 3 is the measuring device of the image formation property that an optical 
on-the-strength measurement means is a measurement means to change light into an electrical signal, in a claim 1 or 
invention corresponding to 2 further again. 

[0022] In this invention, since such a means was established, since the tuning by the gain and level adjustment is easy 
and can also adjust the time of optical on-the-strength measurement, and after the measurement, in detection of optical 
intensity distribution, the adjustment effort in measurement can be remarkably reduced compared with the case where a 
photosensitive material is used. 

[0023] Moreover, invention corresponding to a claim 4 is the measuring device of the image formation property 
equipped with the move mechanism which made the arbitrary positions of the image formation side by the projection 
optical system movable [ an image formation object ] so that it might become measurable by the optical on-the- 
strength measurement means in invention corresponding to claims 1-3. 

[0024] In this invention, a means to measure an image formation property is characterized by having the move 
mechanism which can be measured in the arbitrary positions in an exposure field in this way. According to this 
mechanism, the numerical aperture in the arbitrary positions in an exposure field and measurement of a coherent factor 
are attained. 

[0025] Invention corresponding to a claim 5 transforms drawing into the shape of rectangles [ measuring device / of the 
image formation property corresponding to any one of claims 1-4 ], and the method configuration of non-**. next, or 
by carrying out enlarging or contracting of the drawing So that the drawing mechanism in which the image formation 
property of a projection optical system is changed, and the image formation property acquired by the measuring device 
of an image formation property may become a predetermined range Or it is the aligner equipped with a ****** means 
to control a drawing mechanism and to adjust the image formation property of a projection optical system so that it 
may become the optimal image formation property among image formation property change of a limited time. 
[0026] In this invention, since such a means was established, an image formation property can be adjusted so that it 
may become an optimum or a desired value automatically, moreover, it can extract, even if it is the case where the 
measured image formation property is isotropicf un-] -alike, and is distributed in the image formation side, since 
drawing can be transformed into the shape of rectangles [ configuration / drawing ], and the method configuration of 
non-**, and it can adjust so that it may be alike un-isotropic in an image formation side, a distribution may be 
corrected and it may become a uniform image formation property in a field by deformation of a configuration 
[0027] Moreover, while invention corresponding to a claim 6 irradiates the lighting light from the light source through 
lighting optical system at a mask In the measuring method of the image formation property of the optical system which 
carries out image formation of the image of the pattern of a mask by the projection optical system on a mask It is the 
measuring method of the image formation property which measures the image formation property of optical system by 
measuring the optical intensity of the image in which two or more minute openings are prepared, and corresponds to 
this minute opening, and image formation is carried out by the projection optical system. 

[0028] In this invention, since such a means was established, the same operation effect as invention corresponding to a 
claim 1 can be acquired. Furthermore, invention corresponding to a claim 7 is set to invention corresponding to a claim 
5. The diffracted light which occurs in minute opening with a direct lighting light which passes minute opening in the 
image by which image formation is carried out, and passes a projection optical system, It is the measuring method of 
the image formation property which is alike and computes the numerical aperture and the coherence factor of a 
projection optical system as an image formation property corresponding to opening of each **** based on each optical 
corresponding intensity distribution. 

[0029] In this invention, since such a means was established, the same operation effect as invention corresponding to a 
claim 2 can be acquired. Invention corresponding to a claim 8 is the measuring method of the image formation 
property which measures optical intensity by means to change light into an electrical signal in a claim 6 or invention 
corresponding to 7 further again. 

[0030] In this invention, since such a means was established, the same operation effect as invention corresponding to a 
claim 3 can be acquired. Next, invention corresponding to a claim 9 is the measuring method of the image formation 
property made measurable [ the optical intensity of an image ] about the arbitrary positions of the image formation side 
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by the projection optical system in in^^ion corresponding to claims 6-8. 

[003 1] In this invention, since such a means was established, it becomes possible to measure an image formation 
property about the arbitrary positions of an image formation side. On the other hand, when there is no image formation 
property acquired by either with the measuring method of the image formation property of a publication among claims 
6-9 in the predetermined range, invention corresponding to a claim 10 The property change step which changes the 
image formation property of a projection optical system, and the property measurement step which measures the new 
image formation property of the projection optical system after this change with the measuring method of the image 
formation property of a publication to either among claims 6-9, A property change step and a property measurement 
step are repeated, finally It is the image formation property adjustment method of an aligner which consists of a 
property adjustment step which adjusts the image formation property of a projection optical system to the state where 
an image formation property serves as a predetermined range, or the state of becoming the optimal image formation 
property in limited ****** about this repeat. In this invention, since such a means was established, the image 
formation property of an aligner can be adjusted so that it may become an optimum or a desired value automatically. 
[0032] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained. 
(Gestalt of implementation of the 1st of invention) Drawing 1 is the outline block diagram showing an example of the 
projected type aligner which applies the measuring device of the image formation property concerning the gestalt of 
operation of the 1 st of this invention. 

[0033] the lighting optical system 3 with which the exposure light which uses a mercury lamp and excimer laser light 
as the light source 1 consists of a quantity of light controller, an illuminance equalization means, etc. of illumination- 
system drawing 2 grade in this projected type aligner (stepper) ~ a passage ~ a reticle 4 - a uniform illuminance ~ 
Koehler illumination » it carries out 

[0034] the light which the pattern 5 is formed in the field of one of these in the chromium layer or the phase shift layer 
at the reticle 4, and passed this pattern 5 - both the tele cent - incidence is carried out to the rucksack projection 
optical system 6, the projection-optical-system drawing 7 is passed within a projection optical system 6, and the pattern 
image of a reticle 4 is formed on a wafer 8 

[0035] A photosensitive material which is not illustrated is prepared on the wafer 8, and it has become the 
measurement board which the portion exposes corresponding to the irradiated light. Moreover, with the stage driving 
gear 1 0, the stage 9 in which a wafer 8 is laid carries out the vertical direction, being horizontally movable, for 
example, doing distance L movement of, etc., and can measure an irradiation luminous-intensity distribution in two or 
more height positions. 

[0036] In order to investigate the image formation property of a projection optical system 6, the pinhole 1 1 is 
established at the reticle 4 used with this operation gestalt, and the pattern 5 is the pattern with which the light which 
passed the lighting optical system 3 is shaded in portions other than the portion of a pinhole 1 1 . 
[0037] Moreover, the projection optical system 6 has the projection lens (objective lens) which consists of two or more 
lenses. Moreover, although not illustrated to drawing 1 , a pupil (pupil of a projection lens) exists corresponding to the 
wafer 8 which is a body side. 

[0038] Here, the relation between the pupil of an illumination system and the pupil of a projection lens is explained. 
With this operation gestalt, as described above, the image of a secondary surface of light source has adopted as the 
pupil of a projection lens the Koehler's illumination which carries out image formation as an air image. Since the pupil 
of a projection lens has a limited diameter, only the light which passed along this pupil serves as the image formation 
flux of light to a wafer 8, and reaches to it. Therefore, the effective diameter of the pupil of a projection lens will 
determine NA (numerical aperture) of the projection lens. 

[0039] On the other hand, the image of the secondary surface of light source by which image formation is carried out 
to the pupil of a projection lens as an air image corresponds to the pupil of an illumination system. Therefore, it 
becomes possible to measure N A (numerical aperture) of an illumination system on a wafer 8 corresponding to the size 
of the above-mentioned image in the pupil of a projection lens. This relation is explained in more detail using drawing 
2 . 

[0040] Drawing 2 is drawing explaining the measurement principle of the measuring device of the image formation 
property of this operation gestalt. The lighting light from the pupil surface 21 of an illumination system has the breadth 
of maximum **** thetal' by the pinhole 11, and passes a reticle 4 so that it may be shown in this drawing. The light 
which passed this pinhole 1 1 directly is a high light of lightness, and suppose for convenience that it is called the direct 
lighting light 22. 

[0041] Moreover, in case lighting light passes a pinhole 1 1, in order that it may cause diffraction, incidence of the low 
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diffracted light of lightness is carried £to a projection optical system 6. The \Qk which becomes the outermost 
position injected from a projection optical system 6 among this diffracted light is a light which passes the outermost 
periphery of the pupil surface 24 of a projection optical system. Hereafter, the light which passes inside the outermost 
periphery of the pupil surface 24 of a projection optical system among the above-mentioned diffracted lights is called 
diffracted light 23. 

[0042] Therefore, the light irradiated by the wafer 8 consists of the above-mentioned high direct lighting light 22 of 
lightness, and the low above-mentioned diffracted light 23 of lightness. Here, as shown in drawing_2 , incidence of the 
direct lighting light 22 is carried out by maximum **** theta 1 to a wafer side, and it carries out incidence of the 
diffracted light 23 to maximum **** theta 2 to this wafer side. The diameters of a spot on the wafer 8 corresponding to 
these are the diameters rl and r2 shown in this drawing. 

[0043] Drawing 3 is drawing showing the image intensity distribution on the wafer side of the irradiation light in this 
operation gestalt. The image intensity distribution by irradiation of this drawing are the things when only distance L 
shifting wafer position 8a, and being referred to as wafer position 8b, when the recreation chill 4 and a wafer 8 have an 
image formation relation mutually. In this distribution curve, the optical intensity formed from the above-mentioned 
diffracted light 23 and the above-mentioned direct lighting light 22 is shown. 

[0044] If the diameters rl and r2 shown in this drawing are measured, maximum **** thetal ** theta 2 can be found 
from sinthetal=rl/(2L) and sintheta2=r2/(2L). Here, since the outside of the intensity-distribution curve by the 
diffracted light 23 expresses NA of a projection optical system, NA of a projection optical system can be found from 
NA=n-sin theta 2. On the other hand, the bright section inside an intensity-distribution curve shows NA of an 
illumination system. In fact, although NA of an illumination system is expressed with n-sinthetal', since the relation 
between theta 1 and metal* understands it from the property of a projection optical system, NA of an illumination 
system can be found like the case of a projection optical system. Since the coherent factor sigma is the ratio of an 
illumination system NA and a projection optical system NA, it can ask for it from these. 

[0045] In fact, the size of each part exposed on the measurement board, an inside bright section, and external dark 
space can be obtained by preparing the suitable threshold level corresponding to both. In addition, although it is 
explaining by the case where it is projected on the light from a reticle 4 by the object along with the medial axis, for 
instantiation explanation when shown in drawing^ and drawing 3 , since the projection optical system 6 is constituted 
by both the tele cent rucksack in this operation gestalt, even when an optical axis shifts from the above-mentioned 
medial axis within a projection optical system 6, calculation of the image formation properties NA and sigma of a 
projection optical system 6 can be considered to be the above the same way. 

[0046] As mentioned above, since the measuring device and method of an image formation property concerning the 
form of operation of this invention computed the image formation property based on each optical intensity distribution 
corresponding to the diffracted light which forms a pinhole 1 1 in a reticle 4, and occurs at a pinhole 1 1 with a direct 
lighting light which passes a pinhole 11, and passes a projection optical system 6, they can measure the image 
formation property of a projection optical system simply and with high precision. The numerical aperture and the 
coherence factor of the projection optical system measurement was concrete conventionally difficult the projection 
optical system are easily measurable. 

[0047] Moreover, both NA and sigma can be once measured by measurement, and it can consider as efficient 
measurement. 

(Gestalt of implementation of the 2nd of invention) This operation gestalt explains the case where image formation 
property measurement is performed, by means to change not measurement but the light by sensitive material into an 
electrical signal while investigating efficiently the image formation property in two or more [ in / which can be 
exposed / a field ] by moving a wafer horizontally. 

[0048] Drawing 4 is the outline block diagram showing an example of the projected type aligner which applies the 
measuring device of the image formation property concerning the gestalt of operation of the 2nd of this invention, it 
gives the same sign to the same portion as drawingl and drawing^ , omits explanation, and describes only a portion 
different here. 

[0049] The pinhole 1 1 established on a reticle 4 is made into plurality, and the optical intensity distribution in wafer 
position 8b of drawin g 2 consist of measuring devices of the image formation property of this operation gestalt like the 
case of the 1st operation gestalt except for the point using a measurement means to change into an electrical signal, not 
in a photosensitive material but in light. 

[0050] It sets to the measuring device of this image formation property, a mirror 3 1 is formed in eight articles of wafers 
by return, the irradiation light from a projection optical system 6 is turned up by this mirror 3 1 , and it measures by the 
intensity-distribution measurement element 32. 
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[0051] As this intensity-distribution n(^surement element 32, although a CCD^mera and a line-sensor camera are 
usable, since it is going to ask for the two-dimensional image formation property distribution in [ which can be 
exposed ] a field, in the case of this operation gestalt, the CCD camera is used, for example. 
[0052] The output from the intensity-distribution measurement element 32 is inputted into the image formation 
property operation part 33, and the image formation properties NA and sigma of a projection optical system 6 are 
computed by the intensity-distribution measurement element 32 corresponding to each pinhole 1 1 of a reticle 4. 
[0053] Moreover, with this operation gestalt, the clinch mirror 31 and the measurement element 32 on a wafer 8 are 
equipped with the horizontal displacement mechanism which can move in the direction parallel to a wafer 8 arbitrarily. 
This move mechanism specifically consists of a stage 9 shown in drawing J , and its stage driving gear 10. By XY 
movement of this stage, NA of exposure optical system and sigma can be found in an exposure field in all positions. 
[0054] these image formation properties NA and sigma - computing - hitting - the recreation chill 4 and the light- 
receiving side of the intensity-distribution measurement element 32 - mutual - image formation - a relation - the 
optical intensity distribution corresponding to each pinhole 1 1 at the time of shifting a wafer 8 from a position become 
being the same as that of the case where it is shown in drawin g 3 Therefore, if threshold #1 and threshold #2 are 
prepared in the output of these optical intensity distribution and the******** diameters rl and r2 are measured, NA of 
a projection optical system and sigma are computable like the case of the 1st operation gestalt hereafter. 
[0055] Drawin g 5 is drawing showing typically signs that the bright section by the direct lighting light in this operation 
gestalt and the dark space by the diffracted light 23 arise on the light-receiving side of the intensity-distribution 
measurement element 32. As shown in this drawing, by distributing the pinhole 1 1 on a reticle 4 on a two-dimensional 
flat surface, the bright section 34 and dark space 35 corresponding to this will also be distributed two-dimensional, NA 
of a projection optical system and sigma will be computed from each, and the two-dimensional image formation 
property distribution of the projection optical system in [ which can be exposed ] a field can be once found easily by 
measurement. 

[0056] As mentioned above, since the same composition as the 1st operation gestalt was prepared and also the pinhole 
1 1 on a reticle 4 was made into plurality, the same effect as the 1 st operation gestalt is acquired, and also the measuring 
device and the method of an image- formation property concerning the gestalt of operation of this invention can 
measure the distribution of the image-formation property of the optical system of two or more points of the field which 
can be exposed simply and with high precision. 

[0057] Moreover, since a measurement element is movable to arbitrary positions with a horizontal displacement 
mechanism, each image formation property corresponding to two or more pinholes 1 1 can measure at once. Moreover, 
since an intensity-distribution measurement element 32 like a CCD element with which optical intensity can be 
expressed electrically was used for measurement of optical intensity distribution, the tuning by gain or level adjustment 
is easy, and can also adjust the time of optical on-the-strength measurement, and after the measurement, and the 
adjustment effort in measurement can be remarkably reduced compared with the case where a photosensitive material 
is used, therefore, high degree of accuracy - an image formation property is measurable with quantitatively and 
sufficient repeatability 

(Gestalt of implementation of the 3rd of invention) operating the stage 9 in which a wafer 8 is laid up and down with 
each above-mentioned operation gestalt — the recreation chill 4 and a wafer 8 — mutual — image formation — a relation 
- although it was distance L made to shift from a position, such optical position staggering is possible also by carrying 
out vertical operation of the reticle 4 This operation gestalt explains the case where NA of a projection optical system 
and sigma are computed, by carrying out vertical operation of the reticle 4. 

[0058] Drawing 6 is drawing which illustrates signs that the reticle position in the measuring device of the image 
formation property concerning the form of operation of the 3rd of this invention is moved up and down, it gives the 
same sign to the same portion as drawing 1 , drawin g 2 , and drawin g 4 , omits explanation, and describes only a 
portion different here. 

[0059] This drawing forms a driving gear 41 and enables it to drive the base 42 which carries a reticle 4 up and down. 
NA of a projection optical system, and sigma - calculation - the [ the 1st or ] ~ it is carried out by the same view as 2 
operation forms 

[0060] Drawing 7 is drawing illustrated about the method of it not being based on driving means but changing a reticle 
vertical position. In drawing 7 (a), the usual reticle 4 shows the position state. At this time, the pattern 5 of a reticle 4 
has become the bottom 6, i.e., projection optical system, side. 

[0061] It is the case where drawing _7 (b) made the reticle 4 as the **** repetition, and makes a pattern 5 a top 3, i.e., 
lighting optical system, side, the time of drawing 7 (a) ~ the recreation chill 4 and a wafer 8 ~ mutual - image 
formation - a relation - if adjusted to the position ~ such ~ a reticle 4 - **** Japanese common chestnut ****-- an 
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optical position can be shifted by the ^Jfecness by things 

[0062] Drawin g 7 (c) is the case where a spacer 43 is put in between a reticle 4 and a base 42. By using such a spacer 
43, an optical position can be shifted by the thickness. 

[0063] In addition, in this operation form, even if it makes the reticle 4 in which it has two or more pinholes 1 1 since a 
projection optical system 6 is both the tele cent rucksack go up and down, especially a problem is not produced in 
measurement of an image formation property. 

[0064] As mentioned above, the measuring device and method of an image formation property concerning the form of 
operation of this invention Since the same composition as the 1st or 2nd operation form was prepared and also the 
optical position of a reticle 4 and a measuring point was shifted by changing the position of a reticle The same effect as 
the 1st or 2nd operation form is acquired, and also the optical position for measurement of an image formation property 
can be changed by different means from stage 9 operation of drawin g 1 . 

(Form of implementation of the 4th of invention) this operation form ~ setting - the 1 - the aligner using the measuring 
device of an image formation property explained with the 3rd operation form is explained 

[0065] That is, making the result of the image formation properties NA and sigma measured by means to change into 
an electrical signal the light shown in drawing 4 feed back, it performs optical property adjustment of an aligner 
simultaneously, and the aligner of this operation form calculates optimal NA and sigma from this measured N A and a 
sigma value. 

[0066] The aligner of this operation form is constituted as a system by which the measuring device of the image 
formation property of the 2nd or 3rd operation form was prepared in the aligner main part containing the lighting 
optical system 3 and the projection optical system 6 which are shown in drawing 1 . 

[0067] The drawing mechanism for attaining to an aligner main part lighting optical-system 3, or adjusting the image 
formation properties NA and sigma to it separately [ projection optical systems 6 or such optical system 3 and 6 ] is 
established. 

[0068] Moreover, based on the image formation properties NA and sigma of the image formation property operation 
part 33 of drawing 4 , as for this drawing mechanism, the degree of drawing is controlled by**********. Moreover, it 
a drawing mechanism not only carries out enlarging or contracting of the drawing, but can perform now un-isotropic 
deformation (for example, deformation between circular - ellipse types). 

[0069] Drawing 8 is drawing in which drawing shows enlarging or contracting and signs that it deforms, according to 
the drawing mechanism of the aligner in the form of operation of the 4th of this invention. Although it indicates that an 
ellipse form is circular as a deformation pattern of drawing in this drawing, a drawing mechanism can deform also into 
other configurations. Thus, XY difference in the field interior division cloth of NA and sigma can also be amended 
now by performing un-isotropic deformation. 

[0070] moreover, the measurement result within a field of NA according [**********] to the image formation 
property operation part 33, and sigma - being based ~ a predetermined rule - drawing - enlarging or contracting - or 
it deforms namely, every - processing statistical about NA and sigma is performed, the whole measurement result 
within a field of NA and sigma is evaluated, enlarging or contracting of the above-mentioned drawing or deformation 
is given, and evaluation of new NA and sigma is performed 

[0071] This is repeated and evaluation of new NA and sigma adjusts one by one towards the direction which becomes 
high. And evaluation work is ended in the place which became NA of a setting range, and a sigma value, or carried out 
execution evaluation of all the drawing adjustments of a predetermined pattern, or the place which repeated drawing 
enlarging or contracting or deformation, and evaluation of the number of times of predetermined. 
[0072] ********** i s extracted to the drawing state used as best NA in finally having evaluated the image formation 
property, and a sigma value, and adjusts a mechanism. As mentioned above, the aligner concerning the form of 
operation of this invention, and its image formation property adjustment method Since the same composition as the 
2nd or 3rd operation form was prepared, and also the drawing controller which extracts to an aligner main part and 
controls a mechanism and this drawing mechanism is prepared and it was made to perform drawing adjustment based 
on the measurement result within a field of NA by the image formation property operation part 33, and sigma The 
image formation property of an aligner can be adjusted so that it may become the value of automatic the optimal or 
request. 

[0073] moreover, it can extract, even if it is the case where the measured image formation property is isotropic[ un-]- 
alike, and is distributed in the image formation side, since drawing can be transformed into the shape of rectangles 
[ configuration / drawing ], and the method configuration of non-**, and it can adjust so that it may be alike un- 
isotropic in an image formation side, a distribution may be corrected and it may become a uniform image formation 
property in a field by deformation of a configuration in addition, in the range which is not limited to the form of each 
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above-mentioned implementation, an^fces not deviate from the summary, ma^^hings are boiled and this invention 

can be deformed 

[0074] 

[Effect of the Invention] As a full account was given above, according to this invention, the measuring device and 
method of an image formation property which made it possible to measure the image formation property of a 
projection optical system simply and with high precision can be offered. 

[0075] Moreover, according to this invention, the measuring device and method of an image formation property which 
made it possible to measure simply and highly precise still more efficiently the distribution of the image formation 
property of the projection optical system of two or more points of the field which can be exposed can be offered. 
[0076] Furthermore, according to this invention, automatic the optimal or aligner which can be adjusted so that it may 
become desired value, and its image formation property adjustment method can be offered for an image formation 
property. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 6] 
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